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(54) CHEMICAL AMPLIFICATION TYPE RESIST COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a chemical amplification type resist composition having 
transparency to a light at 193 nm, high sensitivity and high resolution, giving a good resist shape and 
suitable for ArF excimer laser lithography by incorporating a specified acrylic copolymer, a photo-acid 
generating agent and a nitrogen- containing heterocyclic compound and an amido-containing compound. 
SOLUTION: The resist composition contains an acrylic copolymer obtained by polymerizing a (meth)acrylic 
ester monomer having an alicyclic skeleton and a (meth)acryiic ester monomer having a lactone skeleton, 
a photo-acid generating agent and a nitrogen-containing heterocyclic compound and an amido- containing 
compound. The (meth)acrylic ester monomer having an alicyclic skeleton is preferably a (meth)acrylic 
ester containing an alicyclic skeleton in its ester moiety and is preferably selected from the group 
comprising cyclohexyl (meth)acrylate, isobornyl (meth)acrylate, etc., and their derivatives each having a 
substituent on the alicyclic ring. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . 
[Claim 1] (A) The chemistry amplification type resist constituent containing the acrylic copolymer obtained 
by carrying out the polymerization of the acrylic-ester monomer which has an alicyclic frame (meta), and 
the acrylic-ester monomer which has a lactone frame (meta), the (B) photo-oxide generating agent and (C) 
nitrogen-containing heterocyclic compound, and/or an amide group content compound. 

[Claim 2] The chemistry amplification type resist constituent according to claim 1 characterized by being at 
least one sort chosen from the group which the acrylic-ester monomer which has the aforementioned 
alicyclic frame (meta) becomes from the derivative which has a substituent on cyclohexyl (meta) acrylate, 
isobornyl (meta) acrylate, adamanthyl (meta) acrylate, tricyclo deca nil (meta) acrylate, dicyclopentadienyl 
(meta) acrylate, and the alicyclic ring of these monomers. 

[Claim 3] The chemistry amplification type resist constituent according to claim 1 or 2 characterized by 
being at least one sort chosen from the group which the acrylic-ester monomer which has the 
aforementioned lactone frame (meta) becomes from the acrylate which has delta-valerolactone ring (meta), 
the acrylate which has a gamma-butyrolactone ring (meta), and the derivative which has a substituent on 
the lactone ring of these monomers. 

[Claim 4] The chemistry amplification type resist constituent according to claim 1 to 3 characterized by 
the aforementioned nitrogen-containing heterocyclic compound being at least one sort chosen from the 
group which consists of tetrazoles, diazabicyclo octane, and piperidines. 

[Claim 5] The chemistry amplification type resist constituent according to claim 1 to 4 characterized by 
being at least one sort chosen from the group which the aforementioned amide group content compound 
becomes from acrylamides (meta) and acetamides. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to a chemistry 
amplification type resist constituent useful as a suitable resist for micro processing which uses an ArF 
excimer laser about a chemistry amplification type resist constituent. 
[0002] 

[Description of the Prior Art] In recent years, in the field of micro processing in manufacture of a 
semiconductor device or a liquid crystal device, detailed-ization is progressing quickly by progress of 
lithography technology. Generally as the technique of the detailed-izing, short wavelength-ization of the 
exposure light source is used, and it has been changing from the ultraviolet rays specifically represented by 
the conventional g line and i line to DUV as the light source used. Now, KrF excimer laser (248nm) 
lithography technology tends to be introduced into a commercial scene, and the ArF excimer laser (193nm) 
lithography technology in which short wavelength-ization was measured further is going to be introduced. 
[0003] As a resist of the high resolution to the light source of such short wavelength, a "chemistry 
amplification type resist" is advocated by the International business-machine (IBM) company, and 
improvement and development of this chemistry amplification type resist are furthered energetically now. 
[0004] The resin used for a resist by short wavelength-ization of the light source is also obliged to the 
structural change. In KrF excimer laser lithography, although what protected the high polyhydroxy styrene 
of transparency and its hydroxyl group with the dissolution suppression machine of acid dissociation nature 
to 248nm is used, in ArF excimer laser lithography, the transparent acrylic resin or the cycloolefin system 
resin attracts [ in / 1 93nm / since it is / that transparency is inadequate and / almost unusable / on 
193nm and / in these resins ] attention. As an acrylic resin, JP,4-39665,A. JP,10-207069,A, etc. are 
mentioned and JP.10-153864.A etc. is mentioned about a cycloolefin system resin. 

[0005] However, when these resins are used, it is still efficiently inadequate, and higher resolution and the 
good resist configuration are searched for. Deactivation of the acid by a resolution fall, the problem 
peculiar to a chemistry amplification type resist as a cause of a resist defect of shape, and the alkali that 
specifically invades from the alkali or substrate in air etc. is mentioned. Many methods are proposed as the 
technique of solving the above-mentioned trouble. Especially, it becomes clear to a resist that it is 
effective to add a compound of a certain kind, and it inquires energetically to it. In KrF excimer laser 
lithography, specifically, adding a basic compound as indicated by JP.9-1 79300.A etc. is known. However, in 
ArF excimer laser lithography, the light source (wavelength) used and the resin used differed also from the 
resolution demanded, and the effective additive was not found out. 

[0006] . . 

[Problem(s) to be Solved by the Invention] this invention is made in view of such a situation, is transparent 
to 193nm. has high sensitivity, good dry etching resistance, and the adhesion to a good substrate, and aims 
at offering the suitable chemistry amplification type resist constituent for ArF excimer laser lithography 
with a good resist configuration by high resolution. 

[0007] , . 

[Means for Solving the Problem] Wholeheartedly, as a result of examination, this invention persons found 
out that the suitable chemistry amplification type resist constituent for ArF excimer laser lithography was 
obtained in the combination of a specific acrylic copolymer and a specific alkali, and resulted in this 
invention. 
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[0008] That is, this invention relates to the chemistry amplification type resist constituent containing the 
acrylic copolymer obtained by carrying out the polymerization of the acrylic-ester monomer which has (A) 
alicyclic frame (meta), and the acrylic-ester monomer which has a lactone frame (meta), the (B) photo 
oxide generating agent and (C) nitrogen-containing heterocyclic compound, and/or an amide group content 
compound. 

[Embodiments of the Invention] The acrylic copolymer used by this invention copolymerizes the acrylic- 
ester monomer which has an alicyclic frame (meta), and the acrylic-ester monomer which has a lactone 
frame (meta), and is obtained. In this copolymer, the adhesion to the substrate of a resist is improving 
extremely by containing in a copolymer the monomeric unit which has an alicychc frame by containing the 
monomeric unit which the dry etching resistance of a resist is extremely excellent in, and has a lactone 

frame in a copolymer. ' . 

[0010] Moreover, at least one sort of monomeric units which constitute an acrylic copolymer contain the 

protective group from which it is desorbed with an acid. 

[001 1] As an acrylic-ester monomer which has the alicyclic frame used for th.s invention (meta), the 
acrylic ester which contains an alicyclic frame in the ester section (meta) is desirable. Moreover the thing 
containing the protective group (the alicyclic machine may be a direct protective group.) from which .t .s 
desorbed especially with an acid can give the high sensitivity in 193nm 

[0012] For example, what is chosen from the group which consists of a der.vat.ve which has subst.tuents, 
such as an alkyl group, a carboxyl group, and a hydroxyl. on cyclohexyl (meta) acrylate, isobornyl (meta) 
acrylate, adamanthyl (meta) acrylate, tricyclo deca nil (meta) acrylate, dicyclopentadieny (meta) acrylate, 
and the alicyclic ring of these monomers is desirable. Specifically. 1-ISOBO nil methacrylate a 2- 
methacryloyloxy-2-methyl adamantane, cyclohexyl methacrylate. adamanthyl methacrylate, tr.cyclo deca 
nil methacrylate. dicyclopentadienyl methacrylate. etc. are mentioned. The monomer wh.ch has an al.cychc 
frame is only a kind, or can be used combining two or more sorts if needed. 

[0013] As an acrylic-ester monomer which has the lactone frame used for th.s invention (meta), the acrylic 
ester which contains a lactone frame in the ester section (meta) is desirable, and the th.ng containing the 
protective group (the lactone machine may be a direct protective group.) from wh.ch .t is desorbed 
especially with an acid can give the high sensitivity in 193nm. 

[0014] For example, what is chosen from the group which consists of the acrylate which has delta 
valerolactone ring (meta). acrylate which has a gamma-butyrolactone ring (meta). and a der.vat.ve which 
has substituents. such as an alkyl group, a carboxyl group, and a hydroxyl. on the lactone ring of these 
monomers is desirable. Specifically, beta-methacryloyloxy-beta-methyl-delta-valerolactone beta- 
methacryloyloxy-gamma-butyrolactone. beta-methacryloyloxy-beta-methyl-gamma-butyrd^ alpha 
methac^oyloxy-gamma-butyrolactone. and 2-(1-methacryloyloxy) ethyl-4-p.g NORIDO etc. .s ment.oned. 
The monomer which has a lactone skeleton is only a kind, or can be used combining two or more sorts .f 

needed. , ■ • 

[0015] Moreover, the 40-60-mol range of % of the whole monomeric unit has the des.rable monomeric unit 
with which, especially as for limitation, it has a lactone skeleton although the rate of the acrylic-ester 
monomeric unit which has an alicyclic skeleton in an acrylic copolymer (meta). and the acryl.c-ester 
monomeric unit which has a lactone skeleton (meta) is not carried out. If average copolymenzation 
composition of the monomer which has a lactone skeleton is within the limits of th.s, the balance of dry 
etching resistance, the adhesion to a substrate, sensitivity, and resolution will become good. 
[001 6] Although especially limitation is not carried out, when dry etching resistance and a resist 
configuration are taken into consideration. 1,000 or more are desirable, and when the we.ght average 
molecular weight of the acrylic copolymer of this invention takes into considerat.on the solub.l.ty and 
resolution to a resist solvent. 100.000 or less are desirable [ weight average molecular we.ght J. 
[001 7] Although the manufacture method of the acrylic copolymer used by this invention does not have 
especially a limit, the so-called dropping polymerization method which trickles beforehand the monomer 
solution made to dissolve a monomer and a polymerization initiator in the organic solvent into the organ.c 
solvent held to constant temperature as the simple manufacture method is suitable. 

[0018] The solvent which can dissolve both the acrylic-ester monomer which has an ahcycl.c frame (meta; 
the acrylic-ester monomer which has a lactone frame (meta) and the copolymer obta.ned as an organ.c 
solvent used for this dropping polymerization method is desirable, for example, 1, 4-d.oxane, .sopropyl 
alcohol, an acetone, a tetrahydrofuran, etc. are mentioned. 
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[0019] As a polymerization initiator used at this time, although especially limitation is not carried out, 
organic peroxide, such as azo compounds, such as azobisisobutyronitril, 2, and 2-azobis (2,4- 
dimethylvaleronitrile), and a benzoyl peroxide, etc. is mentioned, for example. 

[0020] Although the polymerization conditions at this time can be set up suitably, about polymerization 
temperature the range of 50-1 50 degrees C is usually desirable, as for a drop time, being dropped slowly is 
desirable, for example, it is about 6 hours or more preferably for 2 hours or more. Furthermore, in order for 
after a dropping end to complete a polymerization, it is desirable to hold the temperature as occasion 
demands, for example, the temperature is held preferably for about 2 hours for 0.5 hours or more. 
[0021] Next after diluting the copolymer solution which carried out the polymerization in this way to 
solution viscosity suitable at good solvents, such as tetrahydrofuran, 1 , and 4-dioxane. it .s dropped into a 
lot of poor solvents, such as a methanol and water, and is deposited. Then, the acrylic copolymer used for 
this invention can be obtained by fully drying the sludge a ** exception. Although there is also an 
unnecessary thing by the case, this reprecipitation process is very effective in order to remove the 
unreacted monomer which remains in a polymerization solution, or a polymer.zat.on initiator. It is more 
desirable to remove, if it could do, since it may have had a bad influence on a resist performance if these 

unreacted objects remain as it is. . 
[0022] On the other hand, there is especially no limit about the (B) photo-oxide generating agent contained 
in the resist constituent of this invention, and it can be chosen as arbitration from things usable as an acid 
generator of a chemistry amplification type resist constituent. Specifically, an onium salt compound, a 
sulfone imide compound, a sulfone compound, a sulfonate compound, a quinone d.azide compound, a 
diazomethane compound, etc. are mentioned. Especially, an onium salt compound is suitable, for example, 
can mention sulfonium salt, an iodonium salt, phosphonium salt, diazonium salt, a pyndinium salt, etc. As an 
example triphenylsulfonium triflate, triphenylsulfonium hexafluoroantimonate, triphenylsulfomum 
naphthalene sulfonate, benzyl (hydroxyphenyl) methyl sulfonium toluenesulfonate. diphenyhodonium tnflate, 
diphenyliodonium pyrene sulfonate, diphenyliodonium dodecylbenzene sulfonate, diphenyhodonium 
hexafluoroantimonate, etc. can be mentioned. 

[0023] In this invention, the (B) photo-oxide generating agent is independent, or can mix and use two or 
more sorts, although expedient selection of the amount of the (B) photo-oxide generating agent used in 
this invention is carried out at the kind of selected photo-oxide generating agent — per (A) copolymer 100 
weight section — usually — 0.1 - 20 weight section — it is 0.5-10 weight section especially preferably In 
this case if there is a possibility that it may become difficult for the amount of the (B) photo-oxide 
generating agent used to make the chemical reaction by the catalysis of the acid generated by exposure 
fully occur under in the 0.1 weight section and 20 weight sections are exceeded, in case a constituent will 
be applied, application unevenness arises, or there is a possibility of generating scum etc., at the time of 
development. 

[0024] Furthermore, (C) nitrogen-containing heterocyclic compound and/or an amide group content 
compound (only henceforth the (C) component) are contained in the resist constituent of this invent.on. 
this invention person was able to acquire the improvement in resolution, and the good resist configuration, 
without causing a big sensitivity fall as what can be used as a (C) component, only when a nitrogen- 
containing heterocyclic compound and/or an amide group content compound are used, although many 
alkalis were examined and evaluated. ( 
[0025] In this case, either is sufficient even if both the nitrogen-containing heterocyclic compound and the 
amide group content compound are contained. One kind of not only compound but two or more compounds 
may be mixed and contained in that case. 

[0026] The compound which is the monocycle or polycyclic compound of 5 - 8 member ring, and contains 
1-3 nitrogen atoms endocyclic as a nitrogen-containing heterocyclic compound used by this invention is 
used. 

[0027] As such a nitrogen-containing heterocyclic compound, an imidazole, the benzimidazole, Imidazole 
derivatives such as 4-methyl imidazole and a 4-methyl-2-phenyl imidazole; A pyridine. 2-methylpyndine, 
4-methylpyridine, 2-ethyl pyridine, 4-ethyl pyridine, 2-phenyl pyridine. 4-phenyl pyridine, an N-methyl-4- 
phenyl pyridine. Nicotine, a nicotinic acid, a nicotinamide, a quinoline, 8-oxyquinoline, Pyridines, such as an 
acridine; A piperidine, screw (2, 2, 6, and 6-tetramethyl-4-piperidyl) sebacate, Piperidines, such as screw 
(1 2 2 6 and 6-pen reservoir chill-4-piperidyl) sebacate; Diazabicyclo octane; tetrazoles, such as 1 and 
4-diazabicyclo [2.2.2] octane, Tetrazoles, such as a 5-amino-1H-tetrazole and a 2-AMINO-tetrazole; in 
addition to this Pyrazine. pyrazole, pyridazine, kino ZARIN, pudding, pyrrolidine, morpholine, 4-methyl 
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morpholine, piperazine, 1, and 4-dimethyl piperazine etc. can be mentioned. Also in these, tetrazoles, 
diazabicyclo octane, and piperidines are more desirable. 

[0028] Moreover, as an amide group content compound used by this invention, the compound which has 
amide combination (the inside of a formula and R are hydrogen or the alkyl group of carbon numbers 1-20), 
i.e., -NR-CO-, is used into the structure expression. 

[0029] As such an amide group content compound, a formamide, N-methyl formamide, Formamides, such 
as N.N-dimethylformamide and N-cyclohexyl formamide; An acetamide, Acetamides, such as N-methyl 
acetamide, N, and N-dimethylacetamide and N-(l-adamanthyl) acetamide; A propione amide, The amides of 
others whose amide combination of a benzamide, hydroxyetylacetamid, a 1-acetyl-3-methyl piperidine, etc. 
is not a ring formation member; A pyrrolidone, N-methyl pyrrolidone, a 1-cyclohexyl-2-pyrrolidone, an 
epsilon caprolactam, Cyclic amides, such as delta-valerolactam and 2-pyrrolidinone; An acrylamide, 
Methacrylamide, t-butyl acrylamide, NHsopropyl methacrylamide, A methylene screw acrylamide, methylene 
screw methacrylamide, N-methylol acrylamide, Acrylamides (meta), such as N-methylol methacrylamide, N- 
methoxy acrylamide, an N-ethoxy acrylamide, an N-butoxy acrylamide, and diacetone acrylamide, can be 
mentioned. Also in these, acrylamides (meta) and acetamides are more desirable. 

[0030] In this invention, although the amount of (C) nitrogen-containing heterocyclic compound and/or the 
amide group content compound used is boiled from the kind of selected (C) component and it is selected 
suitably, 0.01-10 mols are usually 0.05-1 mol especially preferably to the (B) photo-oxide generating agent. 
In this case, when there is a possibility that a resist configuration may get worse [ the amount of the (C) 
component used ] by less than 0.01 mols depending on process conditions and ten mols are exceeded, 
there is an inclination for the development nature of the sensitivity as a resist or the exposure section to 
fall. 

[0031] Furthermore, various additives, such as a surfactant, a sensitizer, an antihalation agent, a 
preservation stabilizer, and a defoaming agent, can also be blended with the chemistry amplification type 
resist constituent of this invention if needed. 

[0032] When the resist constituent of this invention is the gestalt of a "solution", (A) acrylic copolymer, 
the (B) photo-oxide generating agent and (C) nitrogen-containing heterocyclic compound, and/or the 
amide group content compound are dissolved including the solvent with the still more suitable resist 
constituent of this invention. 

[0033] Since those polarity is large and the copolymers which have an alicyclic skeleton and a lactone 
skeleton differ, the width of face of selection of a solvent is comparatively narrow. Therefore, it is desirable 
a soluble viewpoint and to choose a solvent further in consideration of reasons other than the solubility of 
a resin, for example, the homogeneity of a paint film, appearance, or safety. As a solvent which fulfills these 
conditions, an ethyl lactate, propylene-glycol-monomethyl-ether acetate, a cyclohexane, a jig lime, etc. are 
mentioned, for example. 

[0034] Thus, in order to form a resist pattern using the obtained resist constituent (solution), after applying 
to predetermined thickness on a substrate by well-known application meanses, such as a spin coat, and 
performing dryness processing suitably, it exposes with the predetermined light source. After exposure, 
after performing BEKU after exposure as occasion demands, a predetermined pattern is obtained by 
developing negatives with an alkali developer. Since the resist constituent of this invention is transparent 
to 193nm, it is possible to use an ArF excimer laser as a source of exposure, moreover high sensitivity, 
good dry etching resistance, and the adhesion to a good substrate are shown, and a resist pattern with a 
good configuration is obtained by high resolution. 

[0035] . „ 

[Example] Hereafter, this invention is concretely explained based on an example. Especially the section 

means the "weight section" here, as long as there is no notice. 

[0036] Measurement of the physical properties of a copolymer was performed using the following methods. 
[0037] By the <weight-average-molecular-weight> gel permeation chromatography (GPC), it asked by 
polymethylmethacrylate conversion. Chloroform was used for the solvent. 

[0038] It asked by measurement of <average copolymerization composition [ of a copolymer ] (mol %)> 1 
H-NMR. Heavy chloroform was used for the solvent. 

[0039] Moreover, evaluation of each resist was performed using the following methods. 
[00401 After exposing the resist film formed on the <sensitivity> silicon wafer, BEKU after exposure was 
performed immediately, subsequently, it developed negatives, rinsed and dried with the alkali developer, and 
the resist pattern was formed. The light exposure which forms line - and - space pattern (last 
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shipment=1/1) in 1/1 of line breadth was measured as sensitivity. ^ . , .. N 

[0041] The lower limit (micrometer) of the resist pattern resolved when it exposes with the <resolution> 
above-mentioned light exposure was made into resolution. 

[0042] <Resist conf.guration> last shipment=0.15 / resist configuration of 0.15 micrometers was observed 
with the electron microscope. When formation of a surface refractory-ized layer was looked at by the 
pattern configuration, it was estimated as T-top. 

[0043] (Synthetic example 1) The temperature of a water bath was raised to 80 degrees C, putting in and 
stirring the 1 and 4-dioxane 20.0 section under nitrogen-gas-atmosphere mind in the flask equipped with 
the nitrogen inlet, the agitator, the capacitor, and the thermometer. The monomer solution which mixed the 
2-methacryloyloxy-2-methyl adamantane (abbreviated name : MAdMA) 29.3 section, the beta- 
methacryloyloxy-beta-methyl-delta-valerolactone (abbreviated name : MLMA) 24.8 section, 1 the 4 
dioxane 62 5 section, and the azobisisobutyronitril 1.9 section was dropped into the flask over 6 hours by 
constant speed, and the temperature of 80 degrees C was held after that for 2 hours. Subsequently, the 
obtained reaction solution was diluted with the tetrahydrofuran twice [ about ], and it was dropped, 
agitating in about 10 time the methanol of an amount, and precipitation of a wh.te sludge (copolymer A i; 
was obtained. Obtained precipitation was carried out the ** exception and it dried at 60 degrees C under 
reduced pressure for about 40 hours. r + u 
[0044] 12,000 and the copolymerization composition ratio of the weight average molecular weight ot the 
obtained copolymer A-1 were M A d M A/ M LM A= 51/49-mol %. . . . to 

[0045] (Synthetic example 2) Except having changed the beta-methacryloyloxy-beta-methyl-delta- 
valerolactone (abbreviated name : MLMA) 24.8 section into the beta-methacryloyloxy-gamma- 
butyrolactone (abbreviated name : HGBMA) 21.2 section, it compounded like the synthetic example 1 and 
the copolymer A-2 was obtained. . 
[0046] 1 1,000 and the copolymerization composition ratio of the weight average molecular weight of the 
obtained copolymer A-2 were M Ad MA/HGBMA= 50/50-mol %. 

[0047] (Examples 1-6 and examples 1-4 of comparison) After mixing each component shown in Table 1 and 
considering as a uniform solution, it filtered with the membrane filter of 0.1 micrometers of apertures, and 
the resist constituent solution was prepared. Then, after carrying out the spin coat of each constituent 
solution on a silicon wafer, using the hot plate, prebaking was performed for 60 seconds at 120 degrees 
and the resist film of 0.5 micrometers of thickness was formed. Subsequently, after exposing using an Arr 
excimer laser exposure machine. BEKU after exposure was performed for 60 seconds at 120 degrees C 
using the hot plate. Subsequently, negatives were developed at the room temperature using hydroxylation 
tetramethylammonium solution 2.38% of the weight, it washed and dried with pure water, and the resist 
pattern was formed. The evaluation result of the obtained resist pattern is shown in Table 2. 

[0048] 
[Table 1] 
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[0050] Thus, without reducing sensitivity greatly in an example, resolution was improving and the resist 
configuration was also good. On the other hand, in the example of comparison, the degree of a sensitivity 
fall was large and resolution was also insufficient. The resist configuration showed T-top configuration and 
was poor. 
[0051] 

[Effect of the Invention] If the chemistry amplification type resist constituent of this invention is used, in 
ArF excimer laser exposure, sensitivity is high, resolution is high, a resist configuration is good, it can be 

http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 2003/10/08 



7/7 v 

* 

I » 

stabilized and a highly precise detailed resist pattern can be formed. Therefore, especially the chemistry 
amplification type resist constituent of this invention can be used suitable for micro processing which uses 
an ArF excimer laser. 



[Translation done.] 
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